Background-Early clinical studies demonstrated the feasibility of local paclitaxel delivery in reducing restenosis after treatment of de novo coronary lesions in small patient populations. Methods and Results-We conducted a randomized, double-blind trial of 536 patients at 38 medical centers evaluating slow-release (SR) and moderate-release (MR) formulations of a polymer-based paclitaxel-eluting stent (TAXUS) for revascularization of single, primary lesions in native coronary arteries. Cohort I compared TAXUS-SR with control stents, and Cohort II compared TAXUS-MR with a second control group. The primary end point was 6-month percent in-stent net volume obstruction measured by intravascular ultrasound. Secondary end points were 6-month angiographic restenosis and 6-and 12-month incidence of major adverse cardiac events, a composite of cardiac death, myocardial infarction, and repeat revascularization. At 6 months, percent net volume obstruction within the stent was significantly lower for TAXUS stents (7.9% SR and 7.8% MR) than for respective controls (23.2% and 20.5%; PϽ0.0001 for both). This corresponded with a reduction in angiographic restenosis from 17.9% to 2.3% in the SR cohort (PϽ0.0001) and from 20.2% to 4.7% in the MR cohort (Pϭ0.0002). The incidence of major adverse cardiac events at 12 months was significantly lower (Pϭ0.0192) in the TAXUS-SR (10.9%) and TAXUS-MR (9.9%) groups than in controls (22.0% and 21.4%, respectively), predominantly because of a significant reduction in repeat revascularization of the target lesion in TAXUS-treated patients. 
Eligible patients had stable or unstable angina or silent ischemia, were at least 18 years of age, and were acceptable candidates for percutaneous coronary intervention or CABG. Angiographic inclusion criteria specified a single de novo target lesion with estimated stenosis Ն50% and Յ99%, estimated length Յ12 mm, and location in a native coronary vessel Ն3.0 mm and Յ3.5 mm in diameter. Exclusion criteria included recent coronary intervention (Յ30 days), left ventricular ejection fraction Ͻ30%, evolving myocardial infarction (MI), unprotected left main coronary disease, or prespecified need to implant more than one 15-mm stent for full lesion coverage.
Polymer-Based Paclitaxel-Eluting Stent
The TAXUS stent was a slotted-tube stainless steel stent (NIR, Medinol Ltd) coated with a proprietary polymer (Translute) designed to control paclitaxel release with an initial burst phase over the first 48 hours after implantation followed by a low-level release phase for Ϸ10 days. 4 Paclitaxel-eluting stents were coated with a total loaded dose of 1 g/mm 2 . Two paclitaxel-eluting release formulations were evaluated, TAXUS-SR (slow release) and TAXUS-MR (moderate release), which has an 8-fold higher 10-day drug release. Of the total loaded dose, approximately 90% remains sequestered within the SR polymer formulation and 75% within the MR formulations without further measurable paclitaxel release. The control stent was the uncoated NIR stent. Study stents included diameters of 3.0 and 3.5 mm and 15-mm length, premounted on 20-mm balloon delivery catheters.
Study Procedures
A first cohort of patients was randomized to TAXUS-SR or control. After clearance by a data monitoring committee, a second cohort of patients was randomized to TAXUS-MR or control.
To maintain blinding, TAXUS and control stents were indistinguishable by physical and radiographic appearance. The intravascular ultrasound (IVUS) and quantitative coronary angiography (QCA) core laboratories and the independent Clinical Events Committee were blinded to treatment allocation.
Twenty-four hours before catheterization or, alternatively, at least 4 hours before placement of the randomly assigned stents, patients received 300 mg of clopidogrel (unless treatment was initiated previously) and 75 mg of aspirin. Patients meeting angiographic inclusion criteria were randomized and treated in accordance with standard interventional techniques. Heparin was administered to maintain an activated clotting time Ն250 seconds during the procedure. Use of additional stents was permitted if patency of the stented vessel was compromised. Second stents were of the same type as those originally assigned. Third stents, if necessary, could be of any type considered appropriate by the investigator, except for study stents. After stent placement, patients received clopidogrel 75 mg/d (or ticlopidine 250 mg twice daily) for at least 6 months and aspirin 75 mg/d, maintained indefinitely.
Follow-Up
Clinical status was assessed at hospital discharge and 1, 6, and 12 months after the procedure. The patients will be followed up annually to year 5. These results will be presented in future reports. IVUS and QCA assessments were performed after the procedure and at 6-month follow-up as described previously. 2 
IVUS and QCA
Quantitative IVUS and angiography analyses (QCA) were performed by a core laboratory (Cardialysis BV, Rotterdam, the Netherlands) according to established methodology. 5, 6 IVUS analysis presented in the present report was performed within the stented segment. QCA was performed within the stented segment and the total analysis segment. The total analysis segment was defined as the stented segment plus the regions 5 mm proximal and distal to the stent. In-stent analysis included the length of all stents used to treat the target lesion during the procedure. Incomplete stent apposition was identified by IVUS and defined as separation of 1 or more stent struts from the vessel wall with evidence of blood flow behind the strut.
Study End Points
The primary end point was the percent of the stent volume obstructed by neointimal proliferation measured by IVUS at 6 months. Secondary end points included major adverse cardiac events (MACE), including cardiac death, Q-wave MI, non-Q-wave MI, and targetvessel revascularization at 1, 6, and 12 months. Non-Q-wave MI was defined as elevation of creatine kinase levels Ͼ2 times normal with detectable creatine kinase-MB in the absence of pathological Q-waves. Target-vessel revascularization included all CABG and percutaneous coronary intervention performed on the target vessel. Target lesion revascularization was performed to treat restenosis of the analysis segment (stent plus the 5-mm regions from the stent border). QCA measurements at 6 months included binary restenosis (defined as Ն50% diameter stenosis), reference vessel diameter, minimum lumen diameter, percent diameter stenosis, and late lumen loss.
An independent clinical events committee adjudicated MACE. An independent data monitoring committee reviewed data for potential safety concerns.
Statistical Analysis
The primary study hypothesis was that paclitaxel elution would diminish in-stent net volume obstruction at 6 months compared with bare control stents. A mean net volume obstruction of 26Ϯ17% was estimated for the uncoated control stent. 7 To obtain 80% power to detect an absolute difference of 25% between treatment groups within each cohort with a 35% 6-month attrition rate for IVUS, 133 patients per group were required. This sample size was calculated for a 2-group t test of equal means. Safety and efficacy variables were analyzed for intention-to-treat populations. TAXUS-SR and TAXUS-MR cohorts were compared with their respective controls. Continuous variables are expressed as meanϮSD and compared with 2-tailed probability values from an overall F test from a 1-way ANOVA and pairwise comparisons with Fisher's test of least significant difference. Discrete variables are displayed as percentages and evaluated with 2-tailed probability values from Fisher's exact test, overall and pairwise. Kaplan-Meier estimates were compared by the Wilcoxon test. A probability value of less than 0.05 was considered statistically significant.
Results

Patient Characteristics
Between June 2001 and January 2002, 536 patients were randomized into 2 consecutive and independent cohorts: 267 patients in the SR cohort (TAXUS-SR nϭ131; control nϭ136) and 269 in the MR cohort (TAXUS-MR nϭ135; control nϭ134). Treatment and control groups in both cohorts were well matched for baseline demographics and clinical characteristics (Table 1) .
Procedural Characteristics
Baseline lesion characteristics were comparable among all groups (Table 1) . Clinical procedural success rates, defined as achievement of an in-lesion diameter stenosis Ͻ30% of the target lesion without the occurrence of in-hospital MACE, were comparable between cohorts and between treatment and control arms (TAXUS-SR 95%; SR control 93%; TAXUS-MR 96%; MR control 94%). Use of single or double study stents and implanted stent sizes were also similar among all groups. One study stent was implanted in 93% of TAXUS-SR patients and in 94% of SR controls, TAXUS-MR patients, and MR controls. Furthermore, the groups did not differ with regard to use of glycoprotein IIb/IIIa inhibitors (TAXUS-SR 11.5% versus SR controls 12.5%; TAXUS-MR 20.7% versus MR controls 23.9%).
Primary End Point
IVUS imaging for the primary end point, percent in-stent net volume obstruction at 6 months, was available for 91% and 88% of patients in the SR and MR cohorts 6 months after the procedure, respectively. As shown in Table 2 , the primary end point was met with a significant reduction in percent in-stent net volume obstruction at 6 months in the TAXUS-SR (7.8% versus 23.2%; PϽ0.0001) and TAXUS-MR (7.8% versus 20.5%; PϽ0.0001) groups compared with their respective control groups.
Coronary Angiography
Six-month coronary angiography was performed in 98% and 96% of all patients in the SR and MR cohorts, respectively. Compared with control, 6-month angiographic parameters (Table 2) were significantly improved in the TAXUS groups, with larger minimum lumen diameter, lower percent diameter stenosis, and reduced late loss. This translated into a significant improvement in binary restenosis rates in the total analysis segment for the TAXUS groups, with reductions from 20.1% to 5.5% in the SR cohort (Pϭ0.0004) and from 23.8% to 8.6% in the MR cohort (Pϭ0.001). Among the 18 restenoses identified in TAXUS patients, 5 occurred in adjacent bare metal, nonstudy stents (1 in SR, 4 in MR).
As shown in Table 3 , reductions in late loss extended beyond the stented segment to the 5 mm proximal and distal to the stent edges, with significantly lower late loss at the edges in both the TAXUS-SR and TAXUS-MR stents than in the control stents. In total, 8 aneurysms were identified by QCA in this study (3 in the TAXUS-SR group, 1 in the SR control group, 1 in the TAXUS-MR group, and 3 in the MR control group). Differences in aneurysm rates between TAXUS and control groups were not significant, and aneurysm formation was not correlated with clinical adverse events.
Intravascular Ultrasound
IVUS was also used to assess vessel, stent, and lumen volume and the presence of incomplete apposition of stent struts after stent implantation and at 6 months. As shown in Table 2 , vessel volume within the stented segment and stent volume were not different between the TAXUS-SR and -MR groups and their respective controls either at baseline or at 6-month follow-up. Lumen volume was also comparable between groups within each cohort at baseline. However, at follow-up, the lumen area was significantly larger in the TAXUS-SR and TAXUS-MR groups than in their respective controls (Pϭ0.0002 and 0.0004).
The incidence of incomplete apposition did not differ between groups in either cohort at baseline (TAXUS-SR 11.1% versus SR control 9.3%, Pϭ0.68; TAXUS-MR 3.1% versus MR control 7.9%, Pϭ0.10) or at 6 months (TAXUS-SR 12.5% versus SR control 7.9%, Pϭ0.29; TAXUS-MR 9.9% versus MR control 9.2%, Pϭ1.00).
Major Adverse Cardiac Events
Periprocedural and in-hospital MACE rates were comparable in all groups, without significant differences (TAXUS-SR 1.5% versus SR control 4.4%; TAXUS-MR 2.2% versus MR control 4.5%). There was 1 in-hospital death related to periprocedural retroperitoneal bleeding and multiple organ failure and 1 Q-wave MI, both in control patients. One periprocedural stent thrombosis occurred in a TAXUS-SR patient. Thirty-day MACE rates were low and comparable among groups (2.3% TAXUS-SR versus 4.4% SR control and 2.2% TAXUS-MR versus 4.5% MR control), with non-Q-wave MIs being the dominant events. Clinical follow-up at 6 and 12 months (shown in Table 4 ) was available for 99% and 96% of all patients in the SR and MR cohorts, respectively. At 6 months, MACE rates were significantly lower for TAXUS-SR (8.5%) and for TAXUS-MR (7.8%) than for their respective control groups (19.5%, Pϭ0.01 and 20.0%, Pϭ0.006, respectively). This reduction in MACE was attributable to lower rates of targetlesion revascularization in the TAXUS groups (4.6% SR, 3.1% MR) than in the control groups (12.0% and 14.6%). This clinical benefit was maintained at 12 months, with lower target-lesion revascularization rates in the TAXUS groups (4.7% SR and 3.8% MR) than in the control groups (12.9% and 16.0%). This translated into 12-month MACE rates of 10.9% for TAXUS-SR (Pϭ0.02) and 9.9% for TAXUS-MR (Pϭ0.02) compared with 22.0% and 21.4% for the corresponding control groups.
Two patients treated with TAXUS stents (1 SR and 1 MR) presented with ST-elevation MIs between 6 and 12 months. Subsequent angiography after treatment with thrombolytic therapy revealed widely patent study stents. Because of the absence of other explanatory coronary stenoses, these were adjudicated as "presumed stent thromboses" that accounted for the late stent thrombosis rate of 0.7%.
As shown in the Figure, MACE-free survival at 6 months in the TAXUS-SR (93.9%) and TAXUS-MR (93.3%) groups was significantly higher than in their respective controls (86.0% and 83.6%). This benefit was sustained up to 12 months, with a MACE-free survival rate of 89.2% in the TAXUS-SR group and 89.5% in the TAXUS-MR group compared with 78.7% (Pϭ0.01) and 79.1% (Pϭ0.008) in their respective control groups.
Discussion
The TAXUS II trial shows that polymer-controlled slow and moderate release of paclitaxel reduces neointimal obstruction within the stent by 64% as measured by IVUS, angiographic restenosis by 73% and 74%, respectively, and 6-and 12-month MACE rates by 50% and 54% because of reductions in target-lesion revascularizations of 64% and 76%, respectively. These concordant improvements in IVUS, angiographic, and clinical indices provide proof of principle that polymer-based delivery of paclitaxel reduces restenosis after coronary stent implantation.
These beneficial antirestenotic effects are balanced against concerns about potential vascular cytotoxicity and its associated clinical correlates. First, discontinuation of thienopyridine after 6 months was not associated with a significant increase in late stent thrombosis rates in TAXUS compared Numbers are % (event rates). Event rates are number of patients who experienced the outcome divided by number of patients eligible for the outcome.
Overall target-vessel revascularization numbers do not add up to 100% because some patients had Ͼ1 target-vessel revascularization event.
with control. The rate of 0.7% was comparable to the 0.76% reported by Uretsky and coauthors 8 for bare metal stents. Second, angiographic evaluation of the stent edges showed that the beneficial effect of TAXUS within the stent was associated with low rates of edge stenosis comparable to control stents, which eliminates concern about aggravated edge stenosis. In fact, the QCA measurements showed that late lumen loss at the proximal and distal edges was significantly lower in both TAXUS groups than in their controls. Third, use of paclitaxel-eluting stents was not associated with an increased incidence of incomplete stent apposition at baseline or at follow-up. Fourth, rates of aneurysm were comparable between TAXUS and control stents. Taken together, the improvements in restenosis are accompanied by an acceptable safety profile.
These findings contrast with other studies assessing the effects of local paclitaxel delivery that used different doses and delivery systems. High-capacity delivery (up to 4000 g) of a paclitaxel derivative through 4 or 5 high-capacity acrylate polymer sleeves for up to 6 months (Quanam QuaDDS stent system) was associated with an increased incidence of acute, subacute, and late stent thrombosis (SCORE trial). 9 Paclitaxel delivery with non-polymer-based delivery systems resulted in a significant reduction in neointimal formation; however, angiographic improvements did not translate into clinical benefit. 10 With the TAXUS system, biphasic, polymer-controlled delivery of low concentrations of paclitaxel resulted in significant reductions in neointimal proliferation that translated into clinical benefit. Persistence of these benefits in incidence of MACE and target-lesion revascularization from 6 to 12 months indicates that polymerbased paclitaxel-eluting stents may indeed inhibit rather than merely delay restenosis. Of the 4 patients who required operative revascularization between 6 and 12 months, all had patent study stents with diffuse progression of the underlying arteriosclerosis outside the stent. One patient had restenosis proximal to the patent study stent but within the analysis segment.
The present findings are in line with recent reports on a stent system that used polymer-based delivery of sirolimus. 11 Both stent systems provide significant reductions in in-stent neointimal hyperplasia, which translates into a reduced need for repeat interventions and a reduced incidence of MACE. One major differentiator between these 2 systems appears to be the amount of angiographic late loss seen 6 months after stent implantation. The 60% reduction in mean late loss at 6 months to 0.31 mm in TAXUS-SR and 0.30 mm in TAXUS-MR occurred without a shift toward negative late loss. These results are in contrast to findings with a sirolimuseluting stent (RAVEL), 11 in which a mean 6-month late loss of Ϫ0.01 mm was reported. A negative mean late loss suggests the presence of positive vascular remodeling with vessel distension in a subgroup of patients. Future studies will have to prospectively determine the optimum amount of late loss, combining sufficient antirestenotic properties and adequate healing after stent implantation.
TAXUS II suggests that TAXUS-SR is the minimum effective paclitaxel formulation for standard-risk, de novo lesions. The slow-and moderate-release formulations studied in TAXUS II are loaded with the same dose density of paclitaxel (85 g per 15-mm stent). The major distinction between the 2 formulations is the 8-fold greater amount of drug released from the TAXUS-MR stent over 10 days, even though the total loaded dose is the same. This pharmacological difference did not translate into differences in IVUS, angiographic, or clinical outcomes given that the study was not designed to detect differences between formulations. The similar efficacy profiles of the 2 formulations may indicate that the dosing threshold to interrupt the restenotic cascade in low-risk lesions had been reached with the slow-release formulation. It is unclear, however, whether the same threshold applies for higher-risk patient populations (diabetic patients) or more complex lesions (small diameter, long lesions, or in-stent restenosis), where much of the unmet need currently lies.
Limitations of the present study evaluating polymer-based paclitaxel elution are the need for longer-term follow-up and the focus on standard-risk, focal, de novo lesions that may not reflect the more complex lesions and patients encountered in real-world practice. The next step in assessing the utility of this promising technology is to expand to studies in more challenging lesion sets and to evaluate optimum dosing strategies.
